Introduction
============

Lung cancer is the leading cause of mortality worldwide. In China, both incidence and mortality from lung cancer continue to increase sharply [@B1], posing a serious threat to public health. In 2015, lung cancer had the highest mortality rate (standardized mortality rate, 39.81/100,000) of any cancer in China [@B2]. Notably, research from Europe and Japan has shown a trend of increasing incidence of lung cancer in young adults [@B3], [@B4] and there is a pressing need to characterize the disease in this subgroup because of its distinct biological behavior, previous limited study, and particular socioeconomic implications. Previously, the cut-off age for early-onset lung cancer has ranged from 40 to 50 years [@B5]. Our study is the first to date to explore this distinctive disease in patients aged 18-35 years. Our overview will help to expand understanding of this unique subgroup of lung cancer and provide meaningful information to guide its optimal treatment and improve prognosis.

Materials and Methods
=====================

Study population
----------------

From January 2010 to June 2017, 8734 patients with lung cancer confirmed by pathological examination of either resection or biopsy samples in the First Hospital, Jilin University were reviewed. Among them, 120 adults aged 18-35 years were eligible for this study; however, 38 patients diagnosed in the outpatient service were excluded because of a lack of treatment records. Finally, 82 patients were included in this retrospective study. The following data were retrieved: age; sex; family history; personal history (including smoking and alcohol consumption); pathological tumor type; tumor location; tumor stage; gene mutation assessment; interventions, including surgery, chemotherapy, radiotherapy, and targeted management; and overall survival (OS). OS was defined as the interval from diagnosis to death or latest follow-up. The end date for last follow-up was April 30, 2018.

Ethical considerations
----------------------

This study was approved by the Ethics Committee of the First Hospital of Jilin University.

Statistical analysis
--------------------

Cumulative survival curves were generated by the Kaplan-Meier method and differences in survival rates compared using the log-rank (Mantel-Cox) and/or Gehan-Breslow-Wilcoxon tests. P-values \< 0.05 were considered statistically significant.

Results
=======

Patient characteristics
-----------------------

Lung cancer is exceedingly rare in young individuals, with an incidence of 1.37% (120/8734) in our registry, which was similar in both sexes (M:F ratio, 1.16:1), unlike some previous reports of higher rates in females than males [@B1]. The mean age at diagnosis was 31.39 years. The "31-35 years" age group comprised 69.51% of all enrolled patients, with the "20-30 years" age group making up 28.05%. Only two patients were 18 years old at diagnosis. Family history was unremarkable in 98.68% of patients. Fifty-eight patients (71.60%) stated that they did not smoke while 23 had a history of smoking, among which 6 were heavy smokers, with ≥ 15 years of smoking history. Most patients (91.36%) had no history of alcohol consumption. Regarding primary site, there was no predilection for either the left or right lung (L:R ratio, 0.82:1). Notably, nearly half of patients (49.21%) with records of tumor stage were recorded as having metastatic disease at diagnosis (Table [1](#T1){ref-type="table"}).

Among metastatic sites, pleura were the most common. Of early-onset stage IV lung cancer patients, 38.71% suffered from malignant pleural effusion at presentation. Bone was the second most common metastatic site (35.48%), followed by lung and liver (25.81% and 12.90%, respectively) (Table [2](#T2){ref-type="table"}). Furthermore, 68% of patients with stage IV early-onset lung cancer at diagnosis had single organ involvement (i.e., oligometastasis), indicating that aggressive local and systemic management could contribute to better outcomes for such patients (Figure [1](#F1){ref-type="fig"}).

Pathological and molecular tests
--------------------------------

Adenocarcinoma was the predominant subtype in our cohort (45%, n = 37), while small cell lung cancer accounted for 26% (n = 21), followed by squamous carcinoma (11%, n = 9). Notably, low-grade neuroendocrine lung tumors comprised only 6% (n = 5). Infrequent pathologic subtypes included mucoepidermoid carcinoma (n = 3), adenosquamous carcinoma (n = 2), adenoid cystic carcinoma (n = 1), and large cell carcinoma (n = 1). Three patients were only classified as having non-small cell lung cancer, due to lack of further immunohistochemical examination (Figure [2](#F2){ref-type="fig"}).

A total of 53 patients had clear genetic status records, while genetic testing was not performed for 35 patients during hospitalization. Among 18 patients examined for epidermal growth factor receptor (EGFR) and Anaplastic lymphoma kinase (ALK) mutations, 15 were positive for mutations of these driver genes; 10 had sensitive EGFR mutations, while 5 patients had clear ALK rearrangement. Only three patients were driver gene mutation-negative (Table [3](#T3){ref-type="table"}).

Treatment
---------

Surgery was conducted for 47.89% of patients. Of 59 patients with radiotherapy records, 15 had undergone radiation treatment, among which nine underwent thoracic radiotherapy, four cranial irradiation, and two were treated with radiation targeting both thoracic and cranial sites. Chemotherapy was administered to 68.33% of patients and 14 patients received targeted drug therapy, 9 and 5 of which were administered EGFR and ALK TKIs, respectively (Table [4](#T4){ref-type="table"}). More than one treatment modality (surgery, radiotherapy, chemotherapy, and targeted therapy) was applied in 41.79% (28/67) of patients.

Survival Analysis
-----------------

The 1-year survival rate was 62.31%, while and the 3- and 5-year survival rates were both 53.31%. Median OS was not achieved (range, 3-86 months) (Figure [3](#F3){ref-type="fig"}).

Sex was strongly associated with OS. Female OS (median, undefined) was superior to that of males (median OS, 13.5 months; p \< 0.05). Patients clearly positive for driver gene mutations, such as TKI-sensitive EGFR mutations or ALK rearrangements had superior OS compare with those with negative or unknown driver gene mutation status; the latter had a median OS of only 15 months. Stage was another important prognostic factor for OS. Unsurprisingly, patients with stage IV disease had much shorter OS than those with stage 0-III (p \< 0.01); median OS was only 10 months for patients with stage IV disease (Table [5](#T5){ref-type="table"}; Figure [4](#F4){ref-type="fig"}).

Analysis according to pathological type demonstrated that lung adenocarcinoma patients attained much longer OS than those with squamous carcinoma and small cell lung cancer (particularly those with small cell lung cancer; p \< 0.01). There was no difference in OS between young adults with squamous carcinoma and small cell lung cancer. The median survival rates for patients with adenocarcinoma, squamous carcinoma, and small cell lung cancer were undefined, 9 months, and 10.5 months, respectively (Table [5](#T5){ref-type="table"}; Figure [4](#F4){ref-type="fig"}).

Discussion
==========

With rapid increases in the morbidity and mortality attributable to lung cancer globally, research on lung cancer in young patients is attracting considerable attention; however, previous data is scant and discordant. The definition of young with regard to lung cancer is uncertain, and generally ranges from 40-50 years [@B1], [@B5]-[@B12]. To the best of our knowledge, our study is the first to focus on much younger patients with lung cancer (aged 18-35 years), with the aim of discovering traits specifically associated with lung cancer in the young.

The incidence of early-onset lung cancer differs according to geographical region and over time. In our cohort, the incidence of lung cancer in the young population (aged 18-35 years) was 1.37%, which is similar to the rate of 1.84% reported previously in patients aged 20-45 years from Beijing, China [@B1]. Rich et al. reported that young adults (18-39 years) accounted for 0.5% of non-small cell lung cancer (NSCLC) in the UK from 2004-2011 [@B6], and Subramanian et al. detected an incidence rate of 1.16% in a young population (18-40 years) in the USA, using data from the Surveillance, Epidemiology, and End Results (SEER) database [@B7]. Zhang et al. reported that early-onset NSCLC cancer accounted for 5.27% of lung cancer among patients aged 15-45 years, based on data from 175 qualified hospitals in the greater Shanghai area [@B8].

We found that only 1.32% patients had a family history of lung cancer, while 28.40% were former or current smokers, which is much lower than the 26.7% and 72.4%, respectively, previously reported by Li et al. [@B1], who found that smoking and family history of lung cancer were risk factors for early-onset lung cancer; however, analysis of the demographic data collected in our study failed to identify clear correlations with these factors.

Our retrospective study demonstrated that male sex, lack of detection of driver gene mutation, stage IV disease, and squamous carcinoma or small cell lung cancer pathological type, predicted dismal outcomes, in terms of OS; however, no significant difference in survival rate was found by Li et al. according to patient sex or pathological tumor type [@B1]. These results appear to be conflicting and suggest that there is considerable heterogeneity among young adults with lung cancer. Large scale, multicentric, or even national, data is urgently required to fully explore the features, best interventions, and prognosis of early-onset lung cancer.

Remarkably, almost half (49.21%) of the cohort for whom tumor stage was recorded had metastatic disease, which is similar to previous reports; for example, metastasis was detected in 58% and 36% of patients with early onset lung cancer by Subramanian et al. [@B7] and Rich et al. [@B6], respectively. On further investigation, 68% of patients with metastases had single organ involvement, namely oligometastasis; the term "oligometastasis" was first introduced by Hellman and Weichselbaum in 1995 [@B13], and is generally considered a status between local and disseminated disease. Even when the same intervention strategy is applied, the number of metastatic foci determines patient prognosis to a considerable extent [@B14]-[@B16]. Despite the late-stage at presentation, the young patients in our study had a 5-year survival rate of 53.31%, which was higher than that documented by Duan et al. (31%) in 2013 [@B17]. This phenomenon can be partly explained by the fact that a clear majority of patients had oligometastases, as described above. Additionally, young patients generally have good performance status and few physical morbidities, making it feasible for them to endure multiple aggressive treatment modalities. In our cohort, 41.79% patients underwent ≥ 2 modalities of management, including surgery, radiotherapy, chemotherapy, and targeted therapy. Multiple treatments, with the aim of maximizing cancer control with tolerable side effects, will ultimately translate into survival benefits.

The cause of lung cancer in the young is a current research hotspot. Pan et al. conducted an analysis of patients with NSCLC aged ≤ 40 years and found that frequent genomic alterations occur in this subset; 40% (29/73) of patients with adenocarcinoma harbored EGFR mutations and 34% (25/74) had ALK rearrangements [@B18]. Another investigation revealed that, in patients aged ≤ 50 years, a high proportion (59%) had a targetable genotype [@B19]. Hou et al. found that, in patients with lung adenocarcinoma aged ≤ 45 years, there was a higher frequency of human epidermal growth factor receptor 2 (HER2) and ALK genetic alterations, with concurrent EGFR/TP53 mutations, but a lower prevalence of mutations of EGFR exon 20, KRAS, and serine/threonine kinase 11 (STK11), relative to patients aged \> 45 years old [@B20]. In our study, only 18 patients had been screened for EGFR and ALK mutation status and 55.56% (10/18) harbored TKI-sensitive EGFR mutations, while 27.78% (5/18) had ALK rearrangements. Despite the small sample size for genetic testing, these data suggest a high mutation rate in young patients with lung cancer. These distinct genomics profile in early-onset lung cancer have fundamental implications for practice. We propose that next-generation sequencing should be conducted for these specific patients to guide personalized management. For driver gene mutation-positive lung cancer patients, specific targeted drugs are critical for disease control and outcome [@B21]-[@B25].

Compared with lung cancer in other age groups, young adults (aged 18-39 years) with lung cancer are predominantly diagnosed with adenocarcinoma (48%), advanced stage at diagnosis (71% IIIb/IV), good performance status (0-1, 85%), were more likely to undergo surgery and chemotherapy, and achieved better OS and postoperative OS, according to a report by Rich et al. [@B6]. Subramanian et al. also demonstrated that younger patients with NSCLC (≤ 40 years) were more likely to be female and have adenocarcinoma compared with older patients (\> 40 years) and, despite a higher proportion of patients with stage IV disease, the young cohort had superior OS and cancer-specific survival [@B7]. In a study conducted by Suidan et al., compared with older patients (≥ 60 years), those with early-onset lung cancer (≤ 50 years) had similar sex distribution, smoker ratio, a larger proportion of small cell lung cancer (12% vs. 3%, p \< 0.001), a higher EGFR mutation rate (18% vs. 13%, p = 0.06), a higher ALK translocation rate (9% vs. 1%, p \< 0.001), more brain metastases (38% vs. 21%, p = 0.002), and more frequently underwent targeted therapy (25% vs. 16%, p = 0.015). Following further stratification, patients \< 40 years old appeared to exhibit superior OS (70.8 months, p = 0.05). Further, the presence of driver mutations improved the survival prognosis for young individuals (31.9 vs. 17.0 months, p = 0.003) [@B26].

Our study has several limitations. First, it was a single-center retrospective investigation. Further, a relatively small proportion of our patients underwent genetic assessment. In the future, larger-scale and deeper investigation of this topic will be initiated.

Conclusions
===========

Lung cancer in the young population is a distinct entity that predominantly presents as adenocarcinoma, with late-stage at onset, and a higher frequency of gene alteration, relative to older patients. Male sex, lack of driver gene mutation, stage IV disease, and squamous carcinoma or small cell lung cancer pathological types are associated with dismal outcomes in young adults. Genetic assessment is imperative for clinical management of this subgroup, to determine driver gene mutation status and guide application of targeted therapies. Despite the frequency of late-stage disease at diagnosis in young patients, the higher proportion of oligometastasis in this group highlights the importance of intensive treatment for improving patient prognosis. Our study is the first to focus on much younger patients with lung cancer (aged 18-35 years). To overcome the limitations of retrospective research and the considerable heterogeneity of patients with early-onset lung cancer, multi-center, or even national, databases should be established to identify the properties and optimal treatment paradigms for this unique entity in the near future.
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###### 

Clinical features of lung cancer in young adults

                                         n    \%
  -------------------------------------- ---- -------
  Sex (n = 82)                                
  Male                                   44   53.66
  Female                                 38   46.34
  Age (n = 82)                                
  Mean at diagnosis (years) 31.39             
  Range (years) 18-35                         
  31-35                                  57   69.51
  20-30                                  23   28.05
  \< 20                                  2    2.44
  Family history (n = 76)                     
  Yes                                    1    1.32
  No                                     75   98.68
  Smoking history (n = 81)                    
  Yes                                    23   28.40
  No                                     58   71.60
  Alcohol consumption history (n = 81)        
  Yes                                    7    8.64
  No                                     74   91.36
  Primary sites (n = 82)                      
  Left                                   37   45.12
  Right                                  45   54.88
  Stage (n = 63)                              
  0                                      1    1.59
  I                                      12   19.05
  II                                     6    9.52
  III                                    13   20.63
  IV                                     31   49.21

###### 

Metastatic sites of young patients with lung cancer at diagnosis (n = 31)

  Metastasis sites        n    \%
  ----------------------- ---- -------
  Lung                    8    25.81
  Liver                   4    12.90
  Bone                    11   35.48
  Brain                   3    9.68
  Pleura                  12   38.71
  Pericardium             1    3.23
  Spleen                  1    3.23
  Chest wall              1    3.23
  Intraperitoneal sites   1    3.23

###### 

Genetic status assay (n = 53)

                                              n    \%
  ------------------------------------------- ---- -------
  Driver gene mutation-positive                    
  EGFR TKI-sensitive mutation                 10   18.87
  ALK rearrangement                           5    7.55
  Driver gene mutation-negative               3    5.66
  No genetic testing during hospitalization   35   66.04

TKI, tyrosine kinase inhibitor

###### 

Patient treatment strategies

                              n    \%
  --------------------------- ---- -------
  Surgery (n = 71)                 
  Yes                         34   47.89
  No                          37   52.11
  Radiotherapy (n = 59)            
  Yes                         15   25.42
  No                          44   74.58
  Chemotherapy (n = 60)            
  Yes                         41   68.33
  No                          19   31.67
  Targeted therapy (n = 52)        
  Yes                         14   26.92
  No                          38   73.08

###### 

Univariate analysis of prognostic factors for OS

  ---------------------------------------------------------------------------------------------
  Prognostic factor                           Hazard ratio (95% CI)   p-value^a^   p-value^b^
  ------------------------------------------- ----------------------- ------------ ------------
  Sex (M: F)                                  2.65 (1.12-6.23)        0.0258       0.0317

  Driver gene\                                0.41 (0.16-1.01)        0.0531       0.0351
  (+ vs. -/unknown)                                                                

  Stage 0-III/IV                              4.63 (1.76-12.19)       0.0019       0.0024

  Pathology\                                  7.44 (0.98-56.46)       0.0522       0.0394
  (Adenocarcinoma vs.\                                                             
  Squamous carcinoma)                                                              

  (Squamous carcinoma vs.\                    0.70 (0.20-2.47)        0.5833       0.9567
  Small cell carcinoma)                                                            

  (Adenocarcinoma vs. Small cell carcinoma)   0.09 (0.027-0.28)       \< 0.0001    0.0001
  ---------------------------------------------------------------------------------------------

aLog-rank (Mantel-Cox) Test; bGehan-Breslow-Wilcoxon Test; CI, confidence interval
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